The structural, dielectric and magnetic properties of pure and Fe-Co co-doped Ba0.9Sr0.1TiO3, (Ba(1 −x) SrxTiO3, where (x = 0.10) and (Ba0.9Sr0.1Ti(1 −x−y) FexCoyO3), where (x = 0.1, y = 0) and (x = 0 and y = 0.10) and (x = 0.5, y = 0.5) in powder form, abbreviated as (BST) and (BST10FO), (BST10CO) and (BST5F5CO), respectively were prepared by a modified sol gel technique. Crystallization, surface morphology and electrical behavior of BST are improved by Fe 3+ and Co 2+ ions with optimized grain size. Phase identification by using X-ray diffraction and surface morphology will be studied by using transmission electron microscope (TEM) and scanning electron microscope imaging (SEM).
Phase identification by using X-ray diffraction and surface morphology evaluation by using transmission electron microscope (TEM) and scanning electron microscope imaging (SEM) will be studied. The nano-scale presence and the formation of the tetragonal perovskite phase as well as the crystallinity were detected using the mentioned techniques. The dielectric properties of the prepared samples have been investigated as a function of temperature and frequency. The dielectric measurements are carried out in the frequency range of 42 Hz -1 MHz, at temperature ranging between 25˚C and 250˚C. The results showed an abrupt decrease in the dielectric permittivity by increasing the frequency range. The magnetic hysteresis loop confirmed enhancement in the magnetization properties by co-doping with Fe 3+ -Co 2+ ions. An increase in the saturation of the magnetization at room temperature was detected by decreasing the crystallite sizes of the prepared samples.
Introduction
Complex oxides are very appealing materials from a function point of view, due to their wide range of properties: such as ferroelectricity, ferromagnetism, ferroelasticity etc. They can be metals, insulator, semiconductors, superconductor etc. The coupling between some of these properties can give rise to new applications. Some of these oxides have the unique properties of both ferromagnetism and ferroelectricity in a single phase. This opens broader applications in transducers, magnetic field sensors and information storage industry and multifunctional devices such as memory devices [1] - [4] . The relationship between multiferroic and magnetoelectric materials is well reflected by Figure 1 [5] .
A single phase multiferroic material is the one that possesses two of the three "ferroic" properties i.e. ferroelectricity, ferromagnetism and ferroelasticity. Generally current trend is to exclude the requirement for ferroelastic property. Magnetoelectric coupling describes the coupling between magnetic and electric order parameters [6] - [10] .
This paper aims to study the structural, dielectric and magnetic properties of pure BST and (Fe and Co) codoping into ferroelectrics BST. The structure and phase identification will be evaluated by XRD. The TEM and SEM of pure barium strontium titinate (B10ST), B10ST10C and B10ST5C5F revealed the presence of the nanophase in the prepared samples. BST ceramics exhibit excellent single tetragonal phase by using sol gel technique as preparation process. A large amount of doping of Fe-Co which mainly acts as an acceptor to replace Ti in the B-site, leads to the appearance of lattice defects and vacancies. The dielectric properties of the samples will be studied in frequency range of 42 Hz up to 1 MHz. Ferroelectricity and ferromagnetism of samples are simultaneously observed. The magnetic measurements were carried out at room temperature using lakeshore vibrating sample magnetometer (VSM 7410) model lakeshore 7110.
Materials and Methods

Samples Preparation
Ba 0.9 Sr 0.1 TiO 3 , (BST) and Ba 0.9 Sr 0.1 Ti (1−x−y) Fe x Co y O 3 , where (x = 0.1, y = 0) (BST10F), (x = 0, y = 0.10), (BST10C) and (x = 0.5, y = 0.5), (BST5F5C), respectively in powder forms were prepared by a modified sol gel method. Table 1 shows dopant concentration, sample abbreviation, chemical formula and oxygen vacancies of Fe 3+ and Co 2+ ions concentration doped nano-composite B10ST powders. The mentioned samples have been prepared using barium acetate (Ba(Ac) 2 ) (99%, Sisco Research Labo-ratories PVT.LTD, India) and titanium butoxide (Ti(C 4 H 9 O) 4 ), (97%, Sigma-Aldrich, Germany) are used as the starting materials; acetyl acetone (AcAc, C 5 H 8 O 2 ), (98%, Fluka, Switzerland) acetic acid (HAc)-H 2 O mixture (96%, Adwic, Egypt) were adopted as solvents of (Ti(C 4 H 9 O) 4 ), and Ba(Ac) 2 , respectively. Strontium bromide is Figure 1 . The relationship between multiferroic and magnetoelectric materials [5] . added to the precursor with constant 0.1 mol % molar ratios. Iron and cobalt nitrates are added to the final solution and its content has been changed. Densification of the gel is achieved by sintering in air for one hour at heat treatment temperature 750˚C, in a muffle furnace type (Carbolite CWF 1200).
Characterization
The phases of the obtained samples are characterized by X-ray diffraction (XRD) (BRUKUR D8 ADVANCED TARGET Cu Kα with Secondary monochromatic KV = 40, mA = 40 Germany) in a wide range of Bragg angle from 10˚ -80˚ using Cu Ka (1.5406 Å) radiation with a step size of 0.02 at room temperature. The crystallite size (G) is determined from the Scherrer's equation;
where K is the Scherer constant, in the present case K = (0.9), λ is the wavelength and D is the full width (in radians) of the peak at half maximum (FWHM) intensity. The microstructure and surface morphology of the samples were observed by (TEM) transmission electron microscope (using JEOL JEM-1230 equipment operat-ing at 120 kV with attached CCD camera) and (SEM) scanning electron microscope (Quanta 250 FEG (Field emission Gun) was used to determine grain size and uniformity of the sample analysis. The phase transitions above room temperature have been investigated by DTA (SDT Q 600 V 20.9 Build 20) measurements. Magnetization hysteresis (M-H) measurements were carried out at room temperature using lakeshore vibrating sample magnetometer (VSM 7410) model lakeshore 7110.
The relative dielectric permittivity was calculated using the relations:
where C is the capacitance of the measured sample in Farad, d is the thickness of the sample in meters, A is the cross section area of the sample and ε o is the permittivity of free space (8.854 × 10
where, ε″ is the dielectric loss and tan δ is the loss tangent.
Results and Discussion
XRD Investigation
For comparison between the un-doped and co-doped samples with Fe 3+ and Co 2+ ions calcinated at constant temperature 850˚C for four hours, the XRD patterns of pure B10ST (a) and the doped powder samples with (10 mol% Fe Table 2 we can see that the lattice parameters of the B10ST and B10ST10F samples exhibit a slight variation, but the crystal structures remain almost the same. The values of lattice parameter (a) and (c) increase Figure 2 (c). The lattice parameter of the doped samples is carefully determined, as listed in Table 1 . The values of lattice parameter (a) and (c) is increased by doping with the Co 2+ ions, indicating a lattice expansion of B10ST10C system. The unit cell volume increases as shown in ). These vacancies may be favorable for stabilizing the tetragonal structure of BSTC systems.
The average crystallite sizes of our samples calculated using Scherrer's formula were decreased by doping with both Fe 3+ and Co 2+ ions to be equal to 52, 31, 31.3, 27.45 for B10ST, (B10ST10F), (B10ST10C) and (B10ST5F5C), respectively as detected in Table 1 . Figure 3 shows the representative TEM of B10ST5F5C ≈ (27 nm), thermally synthesized in air for 4 h at 850˚C. Some degree of agglomerates has been found in the clusters consisting of many small particles. The calculated average particle size from TEM was about 27 nm for B10ST5F5C, which is nearly agree with the value obtained from XRD for the same sample 27.45 nm. The TEM was used to confirm the data calculated from XRD patterns and that the sample is in nano-scale. Images in Figure 3 , clearly shows that the additive of cobalt and iron oxides have leads to a grains refining [14] Figure 3 . The TEM micrograph of (B10ST5F5C) powder sample calcinated at 850˚C for 4 h. Figure 4 , shows the surface morphologies obtained through Scanning Electron Microscope (SEM) with different magnifications for nanostructure pure (B10ST) and co-doped with both Fe 3+ and Co 2+ ions (B10ST10F) (B10ST10C) and (B10ST5F5C) powder samples calcined for 4 hours at 850˚C are illustrated in Figures 4(a)-(e) , respectively. These images show grains typical of pure B10ST powders, which consist of a granular microstructure with irregular shaped grains, with two different magnifications and in two different areas, as shown in Figure 4(a) and Figure 4 Figures 4(c)-(e) show comparatively more accumulated particles with higher density showing an increase in grain growth by doping with both Fe 3+ and Co 2+ ions and the particles have a well-defined shape.
Transmission Electron Microscope (TEM) Study
Scanning Electron Microscope (SEM) Study
(b). The images in
Fe 3+ and Co 2+ dopant contents are effective to increase the density and improve the microstructure homogeneity of the prepared powder samples. The particles are nearly tetragonal in nature and less agglomerated in the pure B10ST sample and indicate the well-distributed crystallites and the dense nanoparticles surfaces. While by doping with Fe 3+ and Co 2+ the particles have a well-defined shape, and they are still tetragonal and highly dispersed. This is might be due to some aggregates of particles together. Figure 5 shows the variation of dielectric constant, (ε′) measured at room temperature as a function of frequency (f) in the frequency range (10 KHz -5 MHz) for pure B10ST powder sample and doped samples B10ST10F, B10ST10C and B10ST5F5C, respectively. We can see a sharp fall in the value of (ε′) for the pure BS10T nanoparticles that is followed by a rise in the (ε′) value for B10ST10F and B10ST5F5C, respectively. It is evident that the dielectric constant (ε') decreases with increasing frequency and becomes nearly constant at the higher frequencies range. It follows the dipole relaxation where at low frequencies the dipoles follow the frequency of the applied field. The value of dielectric constant is highest for the B10ST10C. The decrease in (ε′) value as a function of frequency is due to the electric dipole response in the prepared samples which, decreased at higher frequencies, where it need some time for realignment and cannot follow electric-field changes. Also the periodic reversal of the electric field occurred so fast that there was no excess charge carrier diffusion in the direction of the field. As the frequency increased, the dipoles were less able to rotate and maintain phase with the field. Thus, they reduced their contribution to the polarization field, and hence an observed reduction in the real part (ε′) is appeared. Where the low frequency dispersion region is attributed to the charge accumulation at the electrode-sample interface. For the dissipation factor ( ) tan δ shown in Figure 6 , it was noticed that this attenuation of ( ) tan δ by increasing frequency might be attributed to the phonon dipole interaction which, led to a lowering of the energy transferred to the dielectric medium. Also, as the frequency increased, the dipoles polarization tended to zero and tan δ depended only on electronic polarization.
Dielectric Properties of B10ST, B10ST10F, B10ST10C and B10ST5F5C, Respectively
The low value of dissipation factor ( ) tan δ indicated low conversion of electrical energy to heat energy and reduced power loss for the network. The dissipation factor, as well as other electrical parameters, depended on the frequency, humidity and purity of the sample. ) Therefore, cationic substitution causes expansion in the ABO 3 structure, and modifies the dielectric properties as mentioned in the XRD section in this work. Addition of Fe 3+ and Co 2+ ions increases the relative permittivity of the ceramics compared to pure B10ST thermally treated at the same calcination temperature. These changes in electrical properties are believed to be associated with both improving microstructure and fired density [16] [17]. Figure 7 shows the M-H curve of nano-structure B10ST, B10ST10F and B10ST5F5C, respectively. Measurement of magnetization in the nanocrystalline B10ST, with C.S. equal to (52 nm) sample was measured at room temperature and the results are as previously published by our team work [18] and as detected in Table 3 . It is clear that a weak ferromagnetism at room temperature with a coercive field and saturation magnetization equal to 74.219000 Oe and 0.041556 emu/g, respectively, for pure B10ST was obtained. It may be mentioned that the 52 nm B10ST sample showed higher saturation magnetization. In contrast, the bulk B10ST sample failed to exhibit magnetic hysteresis, as expected it exhibits diamagnetic behavior at room temperature. It is therefore, understandable that an increase in the particle size eliminates the magnetism due to the decrease in the surface to volume ratio.
Magnetic Properties of B10ST10F and B10ST5F5C
Both the B10ST10F and the B10ST5F5C samples exhibit ferromagnetism at room temperature with clear hysteresis loops. Figure 7 shows M-H curves of B10ST10F and B10S5F5C respectively, in powder form calcined at 850˚C for 4 h. It is known that magnetism in oxide nanoparticles arises from vacancies. From Table 3 we can see that oxygen vacancies for B10ST, B10ST10F and B10S5F5C increase by doping with different transition elements, respectively, as a result of different ionic radius, where Fe 3+ and Co 2+ ions mainly acts as an acceptor to replace Ti in the B-site, leading to the further ionization of Fe 3+ and Co 2 ions and the appearance of lattice defects and vacancies, which are favorable for single-phase. From Table 3 the saturated magnetization M S increases by decreasing the B10ST, B10ST10F and B10S5F5C particle sizes, this result is in agreement with the previously reported [18] - [20] , as the size of the grain decreases, the material reaches a single domain state where there is no domain wall and all the magnetic domains are completely separated from each other, the enhancement of magnetization also come from the magnetic moment per Fe 3+ and Co 2+ ions due to the combined contributions of magnetic Fe 3+ and Co 2+ ions distributed over pentahedral and octahedral Ti sites. The Co 2+ ions presence led to the increase of anisotropy property, hence an increase in oxygen vacancies as a result of different size between Ti 4+ and Co 2+ was appeared. 
Conclusions
Nano-structure B10ST, B10ST10F, B10ST10C and B10S5F5C, have been successfully synthesized by a modified sol gel technique. XRD patterns confirm the tetragonal structure phase presence of the prepared samples. The prepared samples exhibit ferromagnetism at room temperature with clear hysteresis loops. It can be seen that the oxygen vacancies for B10ST , B10ST10F , B10ST10C and B10S5F5C increase respectively, as a result of different ionic radius, where Fe 3+ and Co 2+ ions, which mainly act as an acceptor to replace Ti in the B-site, leading to the further ionization of Fe 3+ and Co 2+ ions and the appearance of lattice defects and vacancies. The results showed the achievement of Fe-doped BST with single phase perovskite structure and improved magnetic properties. The significant increase in magnetization by doping the BST with both Fe 3+ and Co 2+ ions increases the possibility of use for BST10F and BST5F5C in memory based applications. 
